Effect of the plant essential oils on the growth of Malassezia pachydermatis was evaluated and the essential oils of Ocimum basilicum L., Melaleuca alternifolia (Maid. & Bet.) Cheel, and Rosa damascene Mill. were the most active against M. pachydermatis and their activity were high than that of itraconazole at 2 mg/mL. The major constituents of the three oils by GC-MS analysis were linalool (21.83%) and estragole (74.29%) for O. basilicum, ã-terpinolene (17.96%) and terpinen-4-ol (45.54%) for M. alternifolia, and â-citronellol (59.98%) and geraniol (27.58%) for R. damascene. Results showed that these selected three oils could be effective toward controlling M. pachydermatis opportunistic infections.
The yeasts of the Malassezia genus are common commensal organisms of the skin of humans, birds and many domestic and wild animal species Coutinho et al, 2006] . Today 10 lipid-dependent species are known (i.e. M. dermatis, M. equi, M. furfur, M. globosa, M. japonica, M. nana, M. obtusa, M. restricta, M. slooffiae and M. sympodialis), together with M. pachydermatis which is not dependent on lipid supplementation for in vitro growth [Hirai et al., 2004] . In humans, M. pachydermatis was the responsible agent of infection both in immunocompetent [Ming Fan et al., 2006] , and in immunocompromised subjects [Midgley, 2000] .
Yeasts are considered to be normal constituents of the feline ear microflora [Claudia et al., 2005] . However, the pathogenic role of these yeasts has been recognized in various animals, mainly otitis externa and dermatitis disorders [Guillot and Bond, 1999; .
Azoles, such as ketoconazole and itraconazole, are antifungal agents available in clinical practice, but they are highly toxic and expensive to use in prolonged treatments [Martinez Fernandez et al., 1998 ]. Therefore, the development of more economical antifungal agents is required.
In this communication, we have analysed the antifungal properties of plant essential oils on Malassezia pachydermatis. The most active Chamomilla recutita (L.) Rauschert and Artemisia dracunculus L. essential oils were phytochemically examined by GC-MS analysis, and its main constituents were identified.
In our experiments, 87 plant essential oils were used for antifungal activity tests, and they were purchased from UNIQ F&F Co., Ltd. (Seoul, Korea). The detailed information of these essential oils is shown in Table 1 . Itraconazole was purchased from Sigma-Aldrich (St. Louis, MO, USA). All other chemicals were a reagent grade.
Malassezia pachydermatis (KCCM 50374) was obtained from the Korean Culture Center of Microorganisms (Seoul, Korea). This strain was grown on Sabouraud Dextrose Broth (SDB) or Sabouraud Dextrose Agar (SDA) (Difco, Sparks, MD, USA) supplemented with 1% (v/v) of pure olive oil (Yakuri Pure Chemicals, Kyoto, Japan), following incubation at 37 o C during 2-7 days. Malassezia strains were maintained on the same medium described previously, at 4 o C, with subcultures being carried out on a monthly basis. The same medium was used in all the experiments. Inoculum suspensions were prepared by the method as described previously [Rukayadi et al., 2006] . One milliliter of 48 h culture was centrifuged (3000 g at 4 o C for 1 min), followed by washing the pellets twice with 1 mL of phosphate buffered saline (PBS). Clusters of Malassezia cells were formed upon preparation of inoculum suspensions. The washing of these suspensions with PBS promotes single-cell status and more accurate turbidity measurements.
The antifungal activity of the plant essential oils was carried out by the disk diffusion method [Anesini and Perez, 1993] using 100 µL of suspension containing 5×10
6 CFU/mL of M.
pachydermatis. The disks (Whatman, 6 mm in diameter) which impregnated with 2, 1.5, 0.5, and 0.1 mg/mL of essential oil were placed on the inoculated agar. Control disk containing only ethanol employed to dissolve the essential oil showed no inhibition. Itraconazole of four concentrations were used as positive reference standards. The antifungal activity was evaluated by measuring the inhibition-zone diameter observed after 48 h of incubation. The analysis was performed by gas chromatography-mass spectrometry (6890, Aglient Co., Palo Alto, CA, USA). Helium as carrier gas for individual constituents was averaged. The amount of the samples injected was 0.2 µL in split mode (400:1). The injector temperature was set at 270 o C. The GC column was DB-5MS stationary phase (60 m×0.32 mm i.d., 0.25 µm film thickness, J&W Scientific, Folsom, CA, USA). The GC oven temperature was initially maintained at 60 o C for 2 min and then programmed to 5 o C/min to 300 and maintained for 5 min. 0.2 µL of sample dissolved in CH 2 Cl 2 (1:100 v/v) was injected. Essential oil samples were analyzed and the relative peak areas for individual constituents averaged. Quantification was computed as the percentage contribution of each compound to the total amount present. The percentage composition of the oils was computed by the normalization method from the GC peak areas. GC-MS analysis of the essential oil with the GC (6890 Plus, Agilent Co.) coupled with 5973 mass selective detector quadrupole mass spectrometer. The mass spectrometer was run in the electron impact (EI) mode with electron energy at 70 eV. The mass spectrometer was operated in full scan mode between 35 and 700 amu. The components of essential oil were tentatively identified by comparison of mass spectra of each peak with those of authentic samples in the NIST MS library.
Antifungal activity of 86 plant essential oils was found when the essential oil was assayed at 2 mg/mL ( Table 1) . The results showed the inhibitory effects of 11 oils [Ocimum basilicum L., on M. pachydermatis at 2 mg/mL. Among the 11 active oils, the oils of Ocimum basilicum L., Melaleuca alternifolia (Maid. & Bet.) Cheel, and Rosa damascene Mill. showed strong inhibitory activity at a dose dependant manner and the activity were higher than itraconazole at the same concentration (Fig. 1) . Samples treated with concentration of 2 mg. '-' expressed no activity.
The three oils were analysed by GC-MS. The chemical compositions of O. basilicum oil are shown in Table 2~4 . Altogether 3 compounds were identified, representing 98.29% of the total oil constituents. The major constituents of the oil were linalool (21.83%) and estragole (74.29 %). M. alternifolia oil composed of major constituents of the γ-terpinolene (17.96%) and terpinen-4-ol (45.54%). The major constituents of R. damascene were β-citronellol (59.98%) and geraniol (27.58%).
Consequently, we demonstrated that the 11 oils among the 86 plant essential oils had inhibitory activity against M. pachydermatis at first screening. The highest antifungal activity was found in the essential oils of O. basilicum, M. alternifolia, and R. damascene. This activity was dose-dependant and higher than that of itraconazole. Although, further studies are needed, the use of essential oils of O. basilicum, M. alternifolia, and R. damascene against microbial growth seems a valuable alternative as antifungal compound, especially in the cases of anti-Malassezia resistance. Tentatively identified by mass library. Tentatively identified by mass library. Tentatively identified by mass library.
